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SUMMARY 
Differences in the water content of the green forage of alfalfa 
lots or varieties were found to be too small to be measured with 
the planting replications used. Seventy-five lots were included 
in the comparisons, with each lot represented by three plats in 
one of three experimental fields. A total of 14 crops was harvested 
and dry-matter determinations were made on 1,853 samples. 
Water content of the forage of each lot varied with location, 
and while it was measured fairly accurately on individual plats 
by taking either two or three samples per plat, yield determina-
tions would have been essentially as accurate on a green weight 
basis without sampling. 
Conclusions for medium red clover are similar to those for alfalfa. 
A total of 456 samples, representing 52 lots, was obtained from 
156 plats during a 3-year period. Plat replications and planting 
arrangement in three experimental fields were similar to those for 
alfalfa. 
From the data presented the small differences in water content 
among the alfalfa and the red clover lots could have been more 
accurately measured if there had been random distribution of 
small plats in small blocks, with growing conditions as uniform as 
possible and with several replications of plantings. 
[n number-of-sample tests either two or three samples per plat 
were required to measure accurately the water content of forage 
on individual plats of alfalfa and red clover lot experiments as 
conducted. 
One to ten-pound samples of alfalfa and of red clover, when 
dried rapidly, gave essentially similar results in the size-of-sample 
studies. I n I of 10 tests I -pound samples were inadequate. Samples 
of 2 to 4 pounds are considered best. . 
Freshly cut forage should be sampled and weighed as quickly 
as possible with adequate help, since it is obvious that the standing 
forage is more uniform in water content than at any time after 
it is cut. With ideal conditions for field drying, the forage of one 
of the three tests lost significant amounts of water within 4 minutes 
when exposed in the swath. I n other tests significant water loss 
was indicated from bunched forage after 6 minutes and from 
bagged samples after 3 minutes. 
Alfalfa forage was 2.32 and 2.25 percent lower in water content 
at 1:30 p. m. and at 5 p. m., respectively, than at 8 a. m. 
Red clover forage was 3.65 and 3.84 percent lower than at 8 
a. m. in similar comparisons. The difference between alfalfa and 
red clover in this respect was attributed largely to differences in 
weather conditions at time of sampling. Differences in variation 
of water content among alfalfa and red clover lots were not statis-
tically significant, but the consistency of the alfalfa data suggests 
the desirability of further testing before conclusions are drawn. 
Large and small cloth bags and wire bottom trays were com-
pared as containers of 3- and of 5-pound samples partially dried, 
with four temperature ranges varying from 40 to ssae., in steam 
heated driers having circulating air. Containers and temperatures 
resulting in the most rapid drying gave slightly the highest dry-
matter determinations. While differences were small and mostly 
not statistically significant the data support evidence of other 
workers. 
Air-drying in tray and onion bag (wide mesh) containers gave 
dry-matter determinations essentially similar to those for drier 
dehydration. The conditions for air-drying during an extreme 
drouth period were ideal, however. Molding has occurred re-
peatedly in cloth and burlap bag containers in normal seasons, 
even when samples were hung in the sun during the day and in 
an open shed at night. Dried material shook out of onion bags 
unless handled with time-consuming care. 
Samples partially dried to 39 percent water or higher at SO°e. 
lost dry matter when piled in the laboratory immediately after-
wards to air-dry, while those dried to 27 percent water or lower 
before air-drying did not. 
In one of three tests 5-pound samples of green forage in 15 x 30-
inch cloth bags lost dry matter while lying singly on the concrete 
floor of the laboratory for 6 hours before being placed in the drier. 
With 20 x 30-inch bags longer periods were required for loss of 
dry matter. I t would appear that samples should be placed in 
the drier not later than at the end of each half day of harvesting 
and that bags should be large enough to avoid packing the forage, 
especially when facilities for rapid drying are not available. 
Samples dried to about 2.5 percent water as soon as taken lost 
small but significant amounts of dry matter as a result of storing 
in the laboratory for 1 or 2 months. 
It is believed that just as reliable dry-matter determinations can 
be made with composite oven as with individual oven determina-
tions, after partially dehydrating un chopped samples to an average 
of about 2.5 percent water or less, in driers heated to about SO°e. 
Samples should be weighed as soon as removed from both the 
drier and oven to avoid introducing appreciable error in dry 
matter determinations. 
The Significance and Technique of Dry 
Matter Determinations in Yield Tests 
of Alfalfa and Red Clover! 
By F. S. WILKINS· AND HOWARD L. HYLAND' 
In comparative yield tests of species, varieties, strains, sources 
or lots', or of cultural treatments of forage crops, the objective 
of the investigator is to obtain the most accurate results possible 
with funds available. The methods employed must be capable 
of distinguishing differences in yields of dry matter of individual 
plots attributable not only to the lot but also to soil heterogeneity 
and other environmental conditions. 
Accurate dry matter determination of forage on the plots of 
an experiment is of major importance to the experimenter. Under 
humid conditions reliable comparisons cannot be made from 
the weights of field cured forage, except on rare occasions that 
cannot be predicted. Some investigators believe that with fairly 
homogeneous forages the error introduced from the use of green 
weights without dry matter determinations is not great. 
The importance of obtaining yields of forage on a uniform 
moisture basis without mechanical loss has long been recognized, 
but the practice of weighing the forage as soon as cut was not 
generally followed until Farrell (2), Piper (5), McKee (4,5), 
Vinall and McKee (12,13) and Amy (4) published on the sub-
lThis public;ltion completes project 184 of the Iowa Agricultural Experiment Station, 
conducted in cooperation with the Division of Forage Crops and Diseases, Bureau of Plant" 
Industry, United States Department of Agriculture. 
2Deceased. 
3The junior author, now with the Division of Forage Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture, presented part of the data in an un-
published thesis in partial fulfillment of the requirements for the degree of master of science 
at Iowa State College in June, 193 1. 
<The word "lot" designates plants grown from a particular sample of alfalfa or red 
clover seed; it is used for expediency in designating species, varieties, strains or sources of 
seed. 
Grateful acknowledgment is made to E. A. Hollowell and H. L. Westover, Senior Agrono-
mists in charge of clover and alfalfa investigations, respectively, of the United States Depart-
ment of Agriculture, and to H. D. Hughes, head of the Farm Crops Subsection of the Iowa 
Agricultural Experiment Station , for suggestions in outlining the problem, and critical reading 
of the manuscnpt. 
Satisfactory interpretation of the data would have been impossible without adequate 
statistical treatment adapted to small numbers of samples. Therefore, the authors are par-
ticularly grateful to George W. Snedecor, statistician of the Iowa Agricultural Experiment 
Station, for outlining the statistical methods employed, for frequent consultations during the 
progress of calculations, for assistance in interpreting the statistics and for critical reading of 
the manuscript. 
Also, the au thors appreciate greatly the help of L. D. Eagles, formerly assistant in 
forage crop investigations of the Iowa Station, who carefully supervised collecting all of the 
data and calculated results of indh·idual determinations in 1932 and '33. 
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ject during the period 1914-16. Since then agronomists generally 
have recognized the fact that the most accurate results can be 
obtained by taking green weights immediately after cutting and 
sampling for air-dry or water-free determinations. 
Obtaining shrinkage samples in quantity and determining their 
water or dry matter content are costly. Therefore, it is important 
to learn if the differences among lots of green forage of the same 
or related lots, grown under average conditions of uniformity, 
are large enough to be measured by practical means or whether 
sufficiently accurate results can be expected from green weights 
obtained immediately after cutting without dry matter determina-
tions. 
Obviously, the most accurate method of determining the water 
or dry matter content of the forage grown on a plot is to dry all 
of the material to a water-free basis. Since it is impossible to 
do this, it is vitally important to learn the minimum (size of 
sample) that is sufficiently representative of the whole to give a 
dry matter determination applicable to the entire yield of green 
material. 
Other important considerations include variation in water con-
tent during the day; sampling without loss of water; methods of 
dehydrating to avoid loss of dry matter through molds, fermenta-
tion, oxidation, respiration and other causes as affected by rapidity 
of drying and governed by temperatures, type of containers and 
ventilation; and finally moisture absorption by the dehydrated 
samples. 
This bulletin reports the results of tests conducted at the Iowa 
Agricultural Experiment Station during the four seasons, 1930-33, 
in an effort to solve some of the problems in water and dry matter 
determinations of experimenters working with alfalfa, M edicago 
sativa L. and red clover, Trifolium pratense L. 
Studies were conducted with 3,162 samples. In addition 246 
' of these samples were used in two or more tests, thus making a 
. total of 3,474 determinations. 
GENERAL PROCEDURE 
While the details of the methods used varied somewhat, the 
general procedure was as follows: 
Immediately after the alfalfa or clover was cut weed-free samples 
for dry matter determinations, usually 3 to 5 pounds in size, 
were obtained by taking several handfuls from different places 
in the cock. Samples were placed in 60-mesh cotton cloth bags 
that were 20 by 30 inches and weighed 0.24 of a pound. Except 
for certain specific tests, samples were dried to about 2 percent 
water in a steam heated room 8x6x8 feet in size. The walls 
were insulated with a commercial fiber board to avoid wide 
fluctuations of temperature, and each room was heated with two 
low-pressure steam radiators. Sixteen-inch electric fans were placed 
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facing the radiators t6 circulate the heated air. Ventilators at the 
top and bottom of the driers provided for a slow but sufficient 
change of air. Temperatures of approximately SO°c. were main-
tained in these driers. The samples were laid horizontally on 
slatted shelves in such a manner as to afford good circulation of 
air among them. 
After removal from the driers samples generally were stored 
in the laboratory until weights became constant (in about 2 
weeks) before the air-dry weights were obtained. The tempera-
ture in the laboratory was near 26°C. most of the time. All of 
each drier sample was chopped into small pieces and a composite 
sample, approximately I pound in weight, taken for oven-drying. 
All samples were dried to water-free basis in an electric oven, 
equipped with a thermostatic control set at 100°C. Shallow gal-
vanized pans, with SO-mesh, brass screen wire bottoms, were used 
as containers for oven samples. Although no significant losses 
in weight were noted after 12 hours of drying, samples were 
usually allowed to remain in the oven for 24 hours. 
Net weights were obtained with self-balancing scales, tested 
frequently. Green samples were weighed to an accuracy of 1/100 
of a pound and drier and oven-dried samples and containers to 
1/500 of a pound. 
A rather severe drouth prevailed during the summer of 1930 
when the shortage of water materially influenced the uniformity 
and evenness of forage growth, even within comparatively small 
areas. This no doubt influenced the degree of variation of the 
data for that year. The season of 1931 , also, was somewhat dry, 
and forage growth was affected by the soil moisture deficiency 
which continued from 1930. The seasons of 1932 and '33 were 
about normal in rainfall. As indicated in table headings, most 
of the data, other than those pertaining to lots, were obtained 
in 1930. Most of the data having to do with variation in the 
water content of different lots of alfalfa and red clover were 
obtained in years other than 1930. Weather records including 
precipitation, temperature, humidity and evaporation were ob-
tained but are omitted from this report. 
Data were tested for significance by Fisher's (3) analysis of 
variance methods with calculations and interpretations as outlined 
by Snedecor (10) . In most cases where water or dry matter per-
centages for significance are given the 5 percent figures in Snedecor's 
table XXXV were used. 
WATER CONTENT OF ALFALFA AND OF 
RED CLOVER LOTS 
In 1930 the researches in testing and comparing different lots 
of alfalfa and red clover were modified to include a study of 
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variation in water content, and this study was greatly extended 
in 1931 and 1932. While it has been reported that alfalfa and 
red clover lots vary appreciably in water content, it was felt 
that differences among lots fairly similar in maturity or develop-
ment are small and that more refined technique than that ordinarily 
used at the Iowa Station was necessary to measure them. 
WATER CONTENT OF ALFALFA LOTS 
A total of 1,853 samples of alfalfa, representing 75 lots, was 
obtained from 209 plots, 4 x 49 feet, or longer, in size, during the 
3-year period, 1930-32. Cutting was done on clear days and was 
usually begun about 10 :30 a.m . and continued until about 5 :30 
p.m., unless the harvest was finished before that time. First, second 
and third crops from three experimental fields are represented. 
The time of cutting varied from bud to full bloom stage. The 
mean percentages of water content for the different lots, arrayed 
from highest to lowest, are given in tables I to 6, inclusive. Each 
mean is for not less than four determinations. Results for field 
A for the years 1930, '3 I and '32 are shown in tables I, 2 and 3, 
respectively ; those for field B for the years 1931 and '32 in tables 
4 and 5, respectively; and those for field C for the year 1932 in 
table 6. Proper names of locations usually indicate sources of 
common alfalfa lots not designated as to variety. 
Most of the determinations were made for the same lots of field 
A in each of the 3 years, and in general there is no consistency 
in the water content of the different lots from one year to another, 
TABLE I. MEAN PERCENTAGE WATER CONT ENT OF SH R INKAGE SAMPLES 
OF ALFALFA LOTS. F IELD A. 1930. 
(Each mean rep resents three determinations on each of three replicated plantings.) 
Second crop Third crop 
Lu, I Percent Lot I Pe rcent I wate r wa te r 
New Mexico 69.96 South Dakota 70.04 
Argentine 69.44 Ontar io Variegated - I 69.76 
Italy 68.95 Il ard igan 69.48 
Spanish 68.83 Kan sas 69. 15 
Texas 68.8 1 . Utah 69.09 
South Africa 68.48 Fran ce 08. 16 
Siberia 68.04 Grimm 68. 14 
0k lahoma 67.89 
Ontario Variegated - I I 67.62 Cali fornia 67.53 
Russia I 67.35 
Cossack I 67.23 
Hardigan 67 .1l 
France 67.00 
Disco 66.90 
Hungary 66.75 
Le Beau 66.50 
Turkesliln - 1 66.4 1 
South Dakota - I 66.37 
Grimm 66.10 
Baltic 65 .63 
Kansas 65.52 
Colorado I 65.5 1 
Utah I 65.27 
32 1 
TABLE 2. MEAN PERCENTAGE WATER CONTENT OF SHRINKAGE 
SAM PLES OF ALFALFA LOTS. FIELD A. 19.31. 
(Each mean represents two determinations on each of three replicated plantings.) 
Lot 
Argentine 
Texas 
France 
Cossack 
Oklahoma 
Russia 
Turkestan - I 
South Africa 
Siberia 
First crop 
Ontado Variegated - 2 
South Dakota - I 
Grimm 
Hardigan 
Turkestan - 2 
Colorado 
Hairy Peruvian 
New Mexico 
Le Beau 
Utah 
Ladak 
Baltic 
Italy 
Chile 
Kansas 
California 
Ontario Varie~ated - I 
Percent 
water 
69.37 
68.25 
67.87 
67.80 
67.78 
67.75 
67.73 
67.67 
67.67 
67.62 
67.28 
67.27 
67.03 
67.02 
66.93 
66.92 
66.77 
66.67 
66.62 
66.52 
66.43 
66.40 
66.30 
66.05 
65.97 
65.25 
Lot 
Siberia 
California 
Oklahoma 
Seco nd crop 
Ontario Variegated - 2 
France 
Hardigan 
Baltic 
Ontario Variegated - I 
Le Beau 
Kansas 
I 
Percent 
water 
70.57 
69.95 
68.85 
68.67 
68.55 
68.35 
67.85 
67.70 
67.63 
66.60 
TABLE 3. MEAN PERCENTAGE WATER CONTENT OF SHRINKAGE 
SAMPLES OF ALFALFA LOTS. FIELD A. 1932. 
(Each mean represents four determinations on one of three replicated plantings.) 
First crop Second crop Third crop 
Lot I Percent Lot I Percent Lot I Percent water water water 
Russia 76.15 So. Dakota - I 75.02 Chile 77.22 
Ladak 75 .50 Kansas 74.98 Argentine 77.09 
Ontario Vgtd. - I 75.45 Le Beau 74.88 So. Dakota - I 77.04 
Turkestan 75.26 Colorado 74.83 Ontario Vgtd. - 3 76.81 
Argentine 75.12 Ladak 74.55 Ontario Vgtd. - I 76.70 
Cossack 75.08 Ilardigan 74.40 Turkestan - I 76.59 
Italy 74.87 Hungary 74.12 Colorado 76.19 
Grimm 74.56 Ontario Vgtd. - I 74.05 Russia 76.13 
Hungary 74.56 Grimm 74.02 California 76.04 
So. Africa 74.48 Texas 73.93 Turkestan - 2 76.03 
So. Dakota - I 74.45 Italy 73.84 Hardigan 75.95 
Texas 74.27 Russia 73.79 Grimm 75.85 
Turkestan - I 74.18 Argentine 73.72 I.e Beau 75.82 
Chile 74.17 France 73.65 I ~ rance 75.76 
France 74.16 Cossack 73.49 Ladak 75.71 
New Mexico 73.82 Siberia 73.14 So. Africa 75.67 
Baltic 73 .80 Hairy Peruvian 73.13 New Mexico 75.59 
Kansas 73.76 Ontario Vgtd. - 2 73.11 Italy 75.36 
Ontario Vgtd. - 2 73.59 Oklahoma 72.54 Ontario Vgtd. 
- 2 75.32 
Utah 72.91 So. Africa 72.49 Hungary 75.24 
California 72 .87 Baltic 72.42 Siberi a 75.20 
Hairy Peruvian 72.80 Ca lifornia 72 . 12 Texas 75 .14 
Hardigan 72.74 T u rkcstan - 2 71.86 Utah 74.96 
Le Beau 71.69 Chile 71.71 Cossack 74.76 
Ontario Vgtd. - 3 71.44 New Mexico 71.23 Oklahoma 74.62 
Siberia 71.42 Turkesta n - I I 71.02 Hairy Peruvian 74.36 Colorado 71.16 Utah 70.16 Baltk 74.11 
Oklohoma 70.27 I 
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TABLE 4. MEAN PERCENTAGE WATER CONTE~T OF SHR INKAGE 
SAM PLES OF ALFALFA LOTS. F IELD B, 193 1. 
(Eac h mean represents two determina tions on each of three replicated plantings.) 
First crop Second crop 
Lot I Percent Lot I Percent water water 
Arizona 68.53 Sou th African 72.62 
South African 68.25 Turkestan - 3 72.47 
Ontario Variegated - 4 67.85 Italian 72.43 
Provence 67.55 Nebraska 72.32 
Grimm 67.55 Arizona 72.23 
Hardigan 67.52 Provence 72.23 
Turkestan - 3 .67.48 New Mexico 72.15 
Sou th Dakota - 2 67. 13 Sarth e I 7 1.83 New Mexico 67. 12 Utah 71.28 Turkestan - 4 67.03 Sou th Dakota - 2 71.23 
Neb raska 67.00 Kansas 7 1.03 
Kansas 66.85 Ontario Variegated - 4 71.00 
Ontario Variegated - 5 66.85 Argentine 70.9~ 
Cossack 66.65 Grimm 70.48 
It alian 66.65 Cossack 69.93 
Sart he 66.65 Disco 69.42 
Argentine 66.45 Hard igon 69.25 
Colorado 66.30 Californ ia 68.67 
Utah 66. 12 
California 65.65 
Disco 65.51 
or from one crop to another. For instance, New Mexico ranked 
first for the second crop of 1930, seventeenth for the first crop of 
1931 , sixteenth for the first crop of 1932, and seventeenth for the 
third crop of 1932. Siberia ranked seventh for the second crop of 
1930, ninth for the first crop of 1931, first for the second crop of 
1931, twenty-sixth (third from lowest) for the first crop of 1932, 
sixteenth (intermediate) for the second crop of 1932 and twenty-
TABLE 5. MEAN PERCENTAGE WATER CONTENT OF SIlRINKAGE 
SAMPLES OF ALFALFA LOTS. FIELD B, 1932. 
(Each mean represents fOllr determination s on one of three replicated plantings.) 
Second crop Third crop 
Lot I Percent Lot I Percent water water 
South Dakota - 2 76.43 Turkestan - 3 I 76.36 Turkestan - 3 75.46 Sa rthe 75.96 Ontario Vgtd. - 4 75.4 1 Argentine 75.73 
Ladak 75.29 Oklahoma 75.64 
Kan sas 75.23 Co lorado 75.32 
Cossack 75.16 New Mexico 75.30 
Provence 75.08 Ladak 75.26 
Utah 
I 
74.64 Disco 75.25 
Sarthe 74.60 California 75.21 
South Africa n 74.51 South Dakota - 2 75. 10 
Italian 74.40 Cossack 75.02 
Argentine 74.39 Italian 74.92 
Colorado 74.20 Ontario Vgtd. - 5 74.87 
Disco 73.80 Arizona 74.86 
Oklahoma 73.80 Provence 74.75 
Arizona 73.80 Kan sas 74.68 
Il ardigan 72.89 Utah 74.67 
Nebraska 
I 
72.79 Sou th African 74.52 
Grimm 72.49 Turkestan - 4 74.40 
Baltic 72.23 Hardigan 74.36 
New Mexico 72.02 l3a ltic 74. 14 
On tario Vgtd. - 5 
\ 
72.00 Ontario Vgtd. - 4 74. 11 
California 71.57 Grimm 73.87 
Turkestan - 4 70.25 
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TABLE 6. MEAN PERCENTAGE WATER CONTENT OF SHRINKAG E 
SAMPLES OF ALFALFA LOTS. FIELD C, 1932. 
(Each mean represents four determinations on one of three replicated plantings.) 
First crop Second crop Third crop 
Lot I Percent Lot I Percent Lot I Percent water water water 
Grimm I 74.78 Cossack 73.41 Ladak I 
75.95 
Ontario Vgtd. - 6 74.32 Ladak 73.04 . Grimm 75.92 
Baltic 
I 
74.19 Kallsas 73.00 Cossack 75 .89 
Czechoslovakia 73.60 French 72.83 Hardigan 75.70 
Hardigan 73.59 German 72.80 Itali an 75.39 
Austrian 73.52 Oklahoma 72.45 Turkestan - 5 75.24 
German 73.47 Colorado 72.24 So. Dakota - 4 75.03 
Cossack 73.06 Hardigan 72 .24 Oklahoma 75 .02 
French 73.01 New Mexico 72.03 Colorado 75.01 
Hungarian 72.86 Turkestan - 5 72.01 Hungarian 75.01 
Russian 72.70 Italian 72.01 Baltic 
I 
74.97 
Turkest an - 5 72.69 So. Dakota - 4 71.63 Austrian 74.92 
Utah 72.41 Austrian 71.56 Russian 74.81 
Kansas 72.37 Grimm 71.54 Ontario Vgtd. - 6 74.59 
So. African 72.15 Baltic 71.47 Czechoslovakia 74.44 
Colorado 
I 
71.99 So. African 71.36 German 
I 
74.42 
Italian 71.95 Ontario Vgtd. - 6 71.27 Utah 74.05 
Oklahoma 71.95 Czechoslovakia 71.15 Kansas 73 .91 
Ladak 
I 
71.47 California 70.51 So. Dakota - 3 
I 
73.75 
So. Dakota - 3 71.45 Hungarian 70.45 French 73.31 
Montana 71.30 So. Dakota - 3 70.38 New Mexico 73.26 
California 
I 
71.29 Russian 70.11 Montana 72 .81 
New Mexico 70.30 Utah 69.88 California I 72.05 So. Dakota - 4 70.17 Montana 69.45 So. African 71.61 
·first for the third crop of 1932. Some lots are fairly consistent in 
ranking high or low, but on the whole the mean percentages have 
the appearance of coming from homogeneous material. Because 
of the lack of rainfall, resulting in growth conditions which were 
not regarded as representative, second and third crops were not 
sampled in 1930 and '31, respectively, except for the few lots 
indicated in tables I and 2. 
In general the same lots of field B were sampled in 1931 and 
'32, but these lots, with few exceptions, were different from those 
of field A, although sources and varieties represented in the two 
fields were fairly similar. For the four crops sampled during the 
2-year period a few lots rank consistently high or low in water 
content, but for the most part, as for field A, ran kings are incon-
sistent (tables 4 and 5). The lots of field C, different from those of 
fields A and B, with a few exceptions, were sampled only in 1932 
(table 6). 
WATER DETERMINATIONS OF ALFALFA LOTS 
ANALYZED FOR SIGNIFICANCE 
The alfalfa test fields for which shrinkage data are reported 
here were divided into three blocks with each lot represented by 
one plot in each block. As indicated in table 9 three shrinkage 
samples were obtained from each of the three plots in 1930 and 
two samples from each of the three plots in 1931 so that determina-
tions for each lot sampled in 1930 and '31 were made from either 
TABLE 7. ANALYSIS OF VARIANCE OF THE PERCENTAGE WATER CONTENT OF SHRINKAGE SAMPLES OF ALFALFA LOTS INDICATED 
INTABLESI,2AND4.1930-31. 
Source 
of 
variation 
Between means of lots 
Between means of blocks 
Within samples of pl.ts 
Remainder 
(interaction) or error 
* Si~nificant 
HIghly signilicant 
Field A, 1930 
Second crop I Third crop 
DegreeS' 
of 
freedom 
--23 
2 
144 
46 
Mean 
square 
• _ ~. v y • 13 .5 1** , 
34.36*' 
0.25 , 
2.61 
Degrees , 
of 
freedom 
-6 
2 
21 
12 
Mean 
square 
- --3.27 
24.29' 
0.17 
5.74 
Field A, 1931 
First crop 
Degrees ! 
of 
freedom 
--25 
2 
78 
50 
Mean 
square 
. --4.35 
5.09 
2.00 
4.57 
Degrees Mean 
I Second crop 
fre~Jom' square 
, n 9 
2 
30 
18 
r ., 6.43 
4 .11 
0.95 
4.36 
Field B, 1931 
First crop 
Degrees , 
of 
freedom 
.n 20 
2 
63 
40 
Mean 
square 
, .. 3.52 
0.37 
1.17 
3.44 
I Secon d crop 
Degrees ! 
of Mean 
freedom square 
I , ... I 17 
2 
54 
34 
- --8.97 
7.07 
3.09 
6.27 
TABLE 8. A~ALYSIS OF VARIANCE OF THE PERCENTAGE WATER CONTENT Of' SHRINKAGE SAMPLES OF ALFALFA LOTS INDICATED 
IN TABLES 3, 5 AND 6. 1932. 
Field A, 1932 Field B, 1932 Field C, 1932 
Source First crop I Second crop I Third crop . Second crop I Third crop First crop 1 Second crop I Third crop 
of De~fees Mean De~f"es Mean De~fees Mean De~fees Mean De~f"es Mean De~fees Mean De~f"es Mean De~f"es Mean variation 
freedom! square freedom! square freedom! square freedom! square freedom' square freedoJ square ,freedoml square freedom! square 
Between means 
of plats 27 8.81 26 6.75 26 2.73 23 9.16 22 6.53 23 5.71 23 4.61 23 5.51 
Within samples 
0.25 0.31 0.57 ~Iats 84 81 81 0.20 72 70 0.22 72 0.26 72 0.48 72 0.3 7 
Between means 
of plats 6 6.69 2.20 1.84 II 4.09 II 2.54 12 2.24 9 0.37 12 2.20 
Within samples 
of plats 21 0.20 18 0.18 18 0.08 36 0.79 36 0.23 39 0.15 30 0.72 39 0.21 
VJ 
N 
... 
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nine or six samples. This permitted segregating the variance. 
The results of the analysis are shown in table 7. In only one 
series of sampling, that for the second crop of field A, 1930, with 
a comparatively small number of lots represented, is the variance 
attributed to lots significantly great. In this one field the variance 
among means of blocks is so large that the validity of the variance 
among means of lots is questioned, particularly since distribution 
of lots was made systematically. 
In 1932, in order to reduce the large amount of expense involved 
in sampling as extensively as was done in 1930 and '31, only four 
samples were obtained for each lot and only from one of the 
three plots. To determine the amount of variation in water con-
tent in different parts of the fields, a few checks occurring on 
each third plot in the fields were sampled intermittently. 
This plan permitted analyzing only the variance which occurred 
among means of plots and within samples of plots. The results 
of analyses for plots of lots and plots of checks are given in table 
8. The fact that the variances among means of plots of lots were 
greater than the variances among means of checks suggests greater 
variation among the former, but part of this may be due to the 
fact that the sampled check plots were not so widely separated 
in the field as were the lot plots. The data for the three fields 
are summarized in table 9. 
DISCUSSION OF THE SMALL DIFFERENCES IN WATER 
CONTENT OF ALFALFA LOTS 
Wilkins and Westover (14) made direct comparisons of seven 
lots of Turkestan with Grimm alfalfa, using paired differences 
between samples obtained from Turkestan and adjacent Grimm 
check plots involving 150 shrinkage samples. They concluded 
that there was no difference in the water content of the two kinds 
of alfalfa forage. The data were obtained as part of the experi-
ments reported here, and it was pointed out that Turkistan usually 
gave the appearance of being the lower in water content. Since 
there was no difference in water content between such different 
appearing alfalfas, it is logical to think that there were no essential 
differences among the other lots that appeared to be much more 
nearly alike at harvest time. 
The range in water content among lots of each of the 14 crops 
harvested in these experiments was small. The ranges varied from 
1.90 to 5.28 percent water (table 9) and were no larger than would 
be expected in a normal distribution of homogeneous material 
as affected by differences in growing conditions in different parts 
of the fields. 
When the forage of individual plots is not sampled, dry matter 
for the forage of all lots is calculated from the mean of several 
TABLE 9. SUMMARY OF SHRINKAGE SAMPLE DATA FOR ALFALFA LOTS GIVEN IN TABLES I TO 6 INCLUSIVE. 1930 - 32.* 
--- ----- ------- -
Greatest· 
lot Highest Lowest Standard 
No. of No. of Mean deviation percent percent Lot deviation 
No. plats samples of all from mean H2O H2O range in of mean 
Crop Field Year of sampled from lots of all content content percent differences 
lots of each each percent samples of all of all H2O DeTeent 
lot plat H2O percent lots lots content H2O 
H"O 
Second 
I 
A I 1930 I 24 3 3 67.30 
I 
2.66 69.96 
I 
65.27 
I 
4.69 0.76 
Third I 7 3 3 69.12 0.98 70.04 68.14 1.90 1.38 First A 1931 26 3 2 67.11 2.26 69.37 65.25 4.12 1.23 Second 10 3 2 68.47 1.87 70.57 66.60 3.97 1.20 
First B 1931 21 3 2 66.99 1.54 68.53 
I 
65.53 3.00 1.07 
Second IR 3 2 71.19 2.52 72.62 68.67 3.95 1.45 
First A 1932 28 I I 4 73 .73 3.46 76.15 70.27 5.28 1.48 
Second 27 I 4 73.27 3.: I 75.02 70.16 4.86 1.30 
Third 27 I 4 75.75 1.64 77.22 74.11 3.11 0.83 
Second B 1932 24 I 4 73.85 3.60 76.43 
I 
70.25 5.18 1.51 
Third 23 1 4 74.97 2.58 76.36 73.87 
I 
2.49 1.28 
First C 1932 24 I I 
4 72.55 2.37 74.78 70.17 4.61 1.20 
Second 24 I 4 I 71.62 2.17 73.41 69.45 3.96 1.07 Third I 24 I 4 74.46 2.85 I 75.95 71.61 4.34 I.li 
--
* The increase in the moisture content of the alfalfa forage beginning with the second crop, 1931. due to an increase in soil moisture content and ir. 
higher humidity, is apparent. 
\jJ 
N 
0\ 
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shrinkage samples taken at random in different parts of the field. 
I t is clear, therefore, that the greatest error that is likely to occur 
for any lot of a field is only about one-half the range found in lot 
determination. 
The greatest deviation of any lot from the mean of all lots in 
percentage of water for each of the 14 crops is given in table 9. 
The average deviation from the mean within crops for all samples 
was only 0.85 percent water, the corresponding error in yield being 
approximately 3 percent - relatively unimportant. The greatest 
deviation from the mean of the 307 lot determinations occurred 
in the second crop of field B, 1932, when it was 3.60 percent water. 
The corresponding error in yield of dry matter, owing to the 
omission of water determinations, would be about 14 percent. 
The object of sampling in yield determinations is to permit 
obtaining the dry matter yields of lots as based upon the determina-
tions for individual plots. The errors indicated in the preceding 
paragraph are hypothetical since the determinations are correct 
only within certain limits. The water content of forage of indi-
vidual plots was apparently measured within an average of ±0.42 
percent water when three samples were taken from each of three 
plots and within an average of ± 1.43 percent water when two 
samples were taken from each of three plots. These figures are 
derived from the weighted average standard deviations of means 
within plots as given in table 7. In 1932 when four samples were 
obtained from only one of the three plots of each lot the determina-
tions are not applicabl~ to the other two replications, since varia-
tion from place to place in the field was as great as the possible 
differences among lots . 
There probably were slight differences in the water content of 
the alfalfa lots, but they were too small to be measured with 
triplicate plantings even with the extensive sampling employed. 
Other data reported later indicate that little error can occur 
through water loss if the forage is weighed within 3 minutes after 
it is cut, even with ideal conditions for dehydration. Some error 
may occur if harvesting is done at different times during the day_ 
This error probably is not great, however, if harvesting is done 
between II a. m. and 5 p. m. on clear days. 
[n order to have measured the very small differences in water 
content that probably existed among the lots of alfalfa in these 
experiments it would have been necessary to have designed the 
tests differently. Differences in water content among a small 
number of lots can probably be measured by designing the ex-
periment so as to have restricted random distribution of small 
plots, replicated 8 to 10 times within small blocks with growing 
conditions as uniform as possible. I t would be desirable also to 
sample the forage of the several plots of a block at the same time 
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ot the day so as to avoid error due to hourly changes m water 
content that might occur. 
WATER CONTENT OF RED CLOVER LOTS 
A total of 456 samples of red clover, representing 52 lots, was 
obtained from 156 plats, 4 x 73 or 100 feet in size, during the 3 
years 1930, '32 and '33. As for alfalfa, cutting was done on clear 
days usually between 10:30 a.m. and 5 :30 p.m. Because of severe 
drouth the first crop only was harvested in 1930, while in 1932 
and '33, when precipitation was fairly normal, first and second 
crops were sampled. 
The red clover fields were divided into three blocks with each 
lot represented by one plat in each block, and distribution was 
systematic. Three shrinkage samples were obtained from each 
plat in 1930, two from each plat in 1932 and four from each plat 
in 1933. The mean water percentages by lots are arrayed in tables 
10, 11, and 12 for the years 1930, '32 and '33, respectively. 
VVATER CONTENT OF RED CLOVER LOTS ANALYZED 
FOR SIGNIFICANCE 
The results given in table 13 indicate no significant differences 
among means of lots except for the second crop of 1932. While 
differences among means of blocks are not statistically significant 
in all cases, the sizable mean squares indicate considerable variation 
in water content in different parts of the fields. 
DISCUSSION OF THE SMALL DIFFER~NCES IN VVATER 
CONTENT OF RED CLOVER LOTS 
Red clover lots differ somewhat in time of blooming, and this 
is more noticeable in the second crop. For this reason the earlier 
maturing lots might be expected to contain less water than the 
later ones when all of them are cut at the same time. This might 
be particularly noticeable if they are not cut until the clovers 
TABLE 10. MEAN WATER CONTENT OF SHRINKAGE SAMPLES OF 
RED CLOVER LOTS. FIRST CROP, 1930. 
(Each mean based on three shrinkage samples for each of three plats.) 
Lot 
Chile 
French - I 
Oregon - I 
Colorado 
Ohio 
Oregon - 2 
Michigan 
Hungarbn 
Roumanian 
Wisconsin 
Canadian 
French - 2 
Idaho 
Czechoslovakia 
Percent water 
68.95 
68.29 
68.14 
67. 19 
66 .56 
66.37 
66.24 
66.22 
65.60 
65. I 2 
64.86 
64.70 
64.36 
64.1 I 
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TABLE II. MEAN WATER CONTENT OF SHRINKAGE SAMPLES 
OF RED CLOVER LOTS, 1932. 
(Each mean based on two shrinkage samp les from each of three plats.) 
First crop Second crop 
Lot I Percent Lot I Percent water water 
French 18982 75.43 Minnesota 18789 70.41 
French 15786 74.75 Iowa 15854 70.31 
Illinois 18991 74.24 Colorado 19144 69.52 
Indiana 18992 74.11 Idaho 18990 69.34 
French 18984 73.91 Indiana 18992 69.23 
Oregon 19126 73.90 Oregon 19127 69.11 
Iowa 16130 73.84 Iowa 16131 69.08 
Wisconsin 18989 73.73 Iowa 16132 68.82 
Canadian 18979 73.72 [owa 16130 68.63 
Minnesota 18789 73.69 Illinois 18991 68.34 
Iowa 16131 73.46 \Visconsin 18989 67.94 
Hungarian 15691 73.44 Ohio 16031 66.96 
Idaho 18990 73.42 Washington 19004 66.48 
Ohio . 16031 73 .38 Oregon 19126 66.00 
Iowa 15854 73.38 Canadian 18979 65.42 
German 18981 73.37 Washington 18988 65.11 
Ore~n 19127 73.36 Washington 16119 64.87 
Was ington 18988 73.34 
Czechoslovakia 15792 73.24 
Iowa 16132 73.21 
Polish 15517 73 .09 
Colorado 19144 72.90 
Washington 16119 72.83 
Washington 19004 71.47 
generally are in full bloom or in a more advanced stage of de-
velopment. A slight indication of this is given in the second crop 
of 1932 since the two lots highest in water content were among 
the latest, and two others, second and third from the lowest in 
water content, were earliest. There is no other definite relationship 
between maturity and water content for the five crops. 
A summary of the data given in tables 10, II and 12 is shown 
in table 14. It may be observed that the greatest deviation of 
any lot from the mean of all lots for the five crops occurred for 
the second crop of 1932, the only crop which showed statistically 
significant differences among the lots. The greatest error that might 
TABLE 12. MEAN WATER CONTENT OF SHR INKAGE SAMPLES 
OF RED CLOVER LOTS. 1933. 
(Each mean based en one shrinkage samp le from each of three plats.) 
First crop Second crop 
Percent Percent 
Lot water Lot water 
29 160 77.47 29040 70.95 
29040 74.98 29 146 70.85 
29096 74.85 292 02 70.73 
29202 74.78 29245 70.70 
29192 74.74 29248 70.48 
29293 74.71 29130 70.34 
29146 74.53 29125 70.31 
29126 74.53 29160 70.24 
29114 74.44 29096 70.10 
29067 74.37 29067 70.05 
29245 74.24 29293 70.04 
29248 74.22 29 11 4 69.99 
29 130 74.06 29126 69.72 
29 125 73.9 1 29 192 69.51 
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TABLE 13. ANALYS IS OF VAR IANCE OF T il E PERCENTAGE WATER CO:-.JTENT 
OF SHR INKAGE SAMPLES OF RED CLOVER LOTS IND ICATED IN 
TABLES 10, II AND 12. 1930, '32, '33. 
1930 1912 1933 
Source First crop First crop I Second crop First crop I Second crop 
of Degrees 1 Degrees I Degrees I Degrees \ Degrees va riation of Mean of Mean 
freedom I square freedom 1 square 
of Mean of I Mean of Mean 
freedom square freedom J square freectomlsQuare 
Between 
120.801 1 3. 13 1 119.69**1 1 2. 191 1 
means 
of lots 13 23 16 13 13 2.57 
Between 
( 17.50 \ \42.32**i 1 \ II 629*1 1 
means 
of blocks 8.06 9.29 
Within I I 
1 1 1 II 1 \ 
samples I 0.78 \ of plats 84 72 0.28 51 0.77 
Rema inder \ 
\ \ I \ ) 
I 
1 I' (in ter- I action) I 
or error I 26 I 11 .74 I 40 2.99 I J2 3.5 1 26 I 1.53 I 26 I 3.69 
* Significan t 
** High ly significant 
have been incurred by OITIlttll1g the taking of shrinkage samples 
is 10 percent. T he average deviation f rom the mean of all lots is 
only .79 percent water which would account for an average error in 
yield determinations of about 2.7 percent-relatively unimportant. 
A better illustration of the relative unimportance of water 
determinations in these y ield tests is obtained by comparing y ield 
ran kings on dry and green weight bases as given in t able 15. These 
show clearly that y ield evaluations are essenti ally simil ar. For 
the first crop of 1930 the greatest error in yield likely to have 
resulted from omission of plat moisture samples is only 4.7 percent. 
In other words if the yield of the lot ranking seventh on a green 
weight bas is were raised 4.7 percent the lot would rank fi fth on a 
dry weight basis. Other discrepancies are ' corrected by smaller 
percentages. For the fi rst crop of 1932 the ran kings match almost 
perfectly, the largest error being only I percent. As expected from 
TABLE 14. SUMMARY OF SHR INKAGE SAMPLE DATA FOR RED CLOVER 
G IVEN IN TABLES 10, II AND 12. 1930, '32 AND '33. 
S! "'0 c" ou 
-5 ~- .;; 0;; ~ :t~ ~ '0 "", ~- ~ '" "'" -0" ~~~ ~" 0."0- =0 - 6 ·0 "- .s~ -~ E.,c ~" u_ ~:E o Vl e-I ~ B VI .2 ~o : E~:C "" ".,. "'.,. 0.-0 ~~ 0.- ~ 0.,,_ ""- '" -,,-0_ ~~ ~ ~ ~8: ~8= ,,-- ~~c '0 -" " "''''' 0. 00. 0 
"" ~"" -0"" . 6 ~~ ~c:::V1~ ~~-;; ~o~ u- "Eu 0: ~ 0 0 6 00 ...... :...c:: !:!'- ~ :12~ '- 0::::: v 0"' 0"0 u >- Z %~ 7.';: 0 -= ~ 0.. 'T' :::C o ...J I o 
--' 0. u VlOo. 
First 
1193°1 141 
3 
1 
3 
1 
66.19 2.76 68.95 64. 11 4.84 1.62 
First 1932 24 3 2 73 .55 2.08 75.43 71.47 3.96 1.00 
Second 17 3 2 67.97 3. 10 70.4 1 64.87 5.54 1.08 
First 1933 14 3 I 74 .70 2.77 77.47 73.91 3.56 1.01 
Second 14 3 I 70.29 0.78 70.95 69.51 1.44 1.57 
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the analyses of variance the rankings match least for the second 
crop of 1932. Even here, however, no lot is further than two places 
out of position, and the greatest discrepancy in yield is 11.3 percent. 
For the first crop of 1933, 8 of the 14 ran kings match perfectly. 
For the second crop of 1933 one lot out of position prevents perfect 
symmetry. The discrepancy in this case is 7.6 percent. 
In view of the fact that with triplicate plats of red clover yield 
differences for significance must be wide, the small discrepancies 
indicated above would make no difference in interpreting the data . 
Since factors other than yield, such as winter hardiness, disease 
and insect resistance, are equally important in evaluating red 
clover lots the tests were sufficiently accurate for the preliminary 
studies involved. Close measurements of yields of red clovers as 
well as water content, both variable with soil differences, demand 
plantings in several randomized replications in uniform blocks the 
same as for alfalfa . 
NUMBER OF SAMPLES 
Data were collected in 1930 and '32 in the Iowa tests to determine 
how many samples are needed to measure the water content of 
green alfalfa and red clover forage . 
Vinal! and McKee (12) , who experimented with alfalfa, sor-
ghum, tal! oat grass and timothy, concluded that sampling need 
not be replicated more than three times. After experimenting 
with 12 2-pound shrinkage samples of first cuttings of alfalfa, 
sweet clover and red clover and 12 5-pound samples of sunflowers, 
McRostie and Hamilton (7) stated that while small differences 
were apparent between the average of duplicate samples and of 
10 samples, taking more than two samples was not warranted. 
NUMBER OF ALFALFA SAMPLES 
In 1930, 12 samples of alfalfa were obtained from each of 
three fields and in 1932, 50 from each of four fields. Samples were 
taken from areas approximately 15 x 150 feet in size in each field. 
The standard deviation was calculated for each field and found · 
to be 1.18 and 1.53 percent water for second-crop alfalfa in fields 
A and Band 1.61 for third-crop alfalfa in field C in 1930 when 
growth was irregular because of drouth. In 1932, with normal 
growth, the standard deviations were 1.65 percent water for first-
crop alfalfa in field A, .82 for second-crop in field B, .91 for third-
crop in field C and .73 for third-crop in field D. 
The sizable standard deviations for certain crops in these tests, 
together with large mean squares obtained between means of 
blocks in the lot studies, show that the water content varied with 
location . I t is therefore apparent that the areas of approximately 
1/20 acre, from which samples were obtained in the number-of-
sample tests, were too large to show reasonably uniform water 
content. 
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A much better idea of the variability in smaller areas is obtained 
from the lot studies for which two, three and four samples were 
taken from plats 4 x 49 feet in size. The mean squares within. 
samples of plats are given in tables 7 and 8 from which weighted 
average standard deviations of the means were calculated. In 1930 
the weighted average standard deviations of the means for 93 
three-sample groups is 0.28. For 1931 it is 0.95 for 225 two-sample 
groups, and for 1932 it is 0.28 for 280 four-sample groups. 
Growth was not uniform in 1930 and '31 because of soil moisture 
deficiency and was uniform in 1932 when moisture was plentiful. 
Three samples per plat in the abnormal year of 1930 gave jus,t 
as good results as four samples per plat in the normal year of 
1932 which indicates that taking more than three samples was 
unnecessary. Since the mean squares within samples of plats 
were all decidedly larger in 1931 (table 7) than they were in 1930 
with equally non-uniform growth, more than two samples per plat 
would have been required to equal the accuracy of 1930. 
All of the evidence points to the fact that alfalfa forage of a 
lot varied in water content within a range of about 6 percent over 
3- or 4-acre fields with non-uniform growing conditions and that 
the range was greatly reduced with small areas and more uniform 
growing conditions. The technique for both water and yield de-
terminations must be cortlmensurate with the precision desired. 
One sample per plat may suffice for accurate yield and dry matter 
determinations if small plat distribution is randomized in small 
blocks and the plantings are replicated 8 to 10 times. I t is obvious 
also that each dehydration sample should be made up of small 
parts to adequately represent the entire plat. 
NUMBER OF RED CLOVER SAMPLES 
The test was conducted similarly to that for alfalfa except that 
fewer fields and crops were studied. In 1930, 12 samples of red 
clover were obtained from each of two fields and in 1932, 50 
samples were taken from one field. Samples were all taken from 
first-crop Ohio medium-red clover about 50 percent in full bloom 
and were obtained from areas approximately 20 x 100 feet in 
size. Standard deviations were calculated for each field and found 
to be 1.70 and 1.81 for the two areas sampled in 1930 when growth 
was short and non-uniform because of drouth and 0.73 for the 
area sampled in 1932 when growing conditions were normal. 
The large standard deviations obtained in 1930 with non-uniform 
growth, together with the large mean squares between means of 
blocks in the lot studies (table 13) , indicate - as for alfalfa-
considerable variation from place to place in the fields . Ranges 
of 4.4 and 5.5 percent water were found in the two 20 x 100 foot-
areas of Ohio red clover sampled in 1930. All of the evidence 
indicates that the areas from which the samples were obtained 
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TABLE 15. YIELD RANKINGS OF RED CLOVER LOTS ON DRY AND 
GREEN WEIGl-IT BASES. 1930, '32, '33 . 
-. 
1930 1932 1933 
First crop First crop I Second crop First crop I Second crop 
Dry I Green Dry Green Dry I Green Dry I Green Dry Green weight weight weigh t I weigh r weigh t weigh t weight weight weigh t I weigh t 
basis basis basis basis basis basis hasis basis basis basis 
I I I 1 1 I I 1 4 --1----1 2 5 2 2 2 2 2 1 2 2 3 3 3 5 3 4 3 2 3 3 
4 2 4 4 4 3 4 3 4 4 
5 7 5 3 5 6 5 5 5 5 
6 4 6 6 6 5 6 7 6 7 
7 6 7 8 7 8 7 6 7 8 
8 8 8 7 • 8 9 8 8 8 9 
9 9 9 9 9 7 9 9 9 10 
10 10 10 10 10 II 10 10 10 II 
II II II II II 10 II II II 6 
12 12 12 12 12 12 12 12 12 12 
13 13 13 13 13 13 13 13 13 13 
14 14 14 16 14 14 14 14 
15 15 15 14 
16 16 16 15 
17 17 17 17 
18 19 
19 18 
20 20 
21 21 
22 22 
23 23 
24 24 
were too large. A better idea of the number of samples required 
per plat is, therefore, obtained from the red clover lot comparisons 
where samples were obtained from areas 4 x 73 feet in 1930 and 
4 x 100 feet in 1932. These are much longer than would be 
desired for such a study. 
To determine whether the forage of individual plats was sampled 
with sufficient accuracy in the red clover lot studies a method 
described by Fisher (3, section 40) and by Snedecor (10, section 
63) is best suited. This size of the variance derived from the 
samples of a plat is compared with that of the interaction. The 
former is subtracted from the latter and the remainder divided 
by the number of samples per plat to derive an estimate of the 
plat variance independent of the variation of the moisture samples. 
For 1930 when growth was not uniform because of drouth and 
three samples were taken from each of three plats the variance 
of the plats was 4.7 times that of the moisture samples. The 
conclusion is that as the forage of individual plats was sampled 
accurately enough since the variance of the samples contributed a 
comparatively small part of the error. For 1932 when growth was 
uniform and two samples were taken from each of three plats, the 
plat variance was 4.8 times th-at of the samples for the first crop 
and only 1.8 times for the second crop. If three samples had been 
taken from each plat of the second crop in 1932 a more accurate 
measurement would have resulted. This is the only one of five 
crops which showed significant differences among lots, however, 
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so that more accurate measurements of water content of individual 
plats would have made no difference in the outcome. For first 
and second crops of normal growth in 1933 of which only one 
sample was taken from each of three plats, no measure of the 
error of sampling individual plats is possible. 
The conclusion, the same as for alfalfa, is that since the con-
ditions which may be encountered cannot be predicted, accurate 
water determinations require several replications of small plats 
in random distribution on small, uniform blocks. If sampling 
is done so that all parts of each plat are represented in each sample 
one sample per plat should suffice. 
SIZE OF SAMPLES 
Apparently the size of samples used by experimenters has 
largely varied with preference. Vinall and McKee (12) showed 
distinct losses of dry matter for 12- and l6-pound samples of 
alfalfa and recommended 10-pound samples as the most desirable 
for practical use. Taking and handling such large samples in 
quantity is expensive, however, and the forage of large samples 
is more likely to mold or lose dry matter from other causes 
before it can be dehydrated. More recently McRostie and Ham-
ilton (7) experimented with combinations from 2-pound to 12-
pound samples of alfalfa and red clover and concluded that small 
samples are satisfactory. 
SIZE OF ALFALFA SAMPLES 
Data were collected in 1930 and '32 from seven fields of alfalfa 
for a study to determine the most desirable size of sample. In 
1930 six samples of green forage for each of seven weights were 
taken from each of three fields, while in 1932 IO samples for 
each of five weights were obtained. First, second and third crops 
are represented and varied materially in stage of development as 
indicated by the mean water content shown in table 16. In 1930 
six samples of one weight were obtained, then six for each of the 
other weights, while in 1932 samples of different size were taken 
in random order. 
TABLE 16. MEAN PERCENTAGE WATER CONTENTS OF ALFALFA SHRINKAGE 
SAMPLES OF DIFFERENT WEIGHTS, 1930 AND '32. 
1<)30 1932 
Size of I Field A'I Field B, I Field C, Size of I Field A, I Field B, I Field C, I Field D, 
samples secon d second third samples first second third third 
(pounds) crop crop crop (pounds) crop crop crop crop 
1.0 64.61 66.66 66.25 1.5 
I 
78.91 I 73 .92 74.27 
I 
74.28 
2.0 66.92 66.49 64.06 3.0 78.05 73.92 74.42 73.93 
3.0 69.04 67.68 64.90 5.0 78.77 73.68 73 .83 73.80 
4.0 68.35 68.18 67.21 8.0 78.27 74.06 73.26 
I 
73.50 
5.0 68.39 68.37 65 .79 10.0 78.19 73 .70 72.82 72 .88 
7,5 68.22 67.83 63.78 I 10.0 67.38 I 65 ,88 66.<)0 
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TABLE 17. ANALYS IS OF VARIANCE 01' MEAN WATER CONTENTS 
OF ALFALFA SHRINKAGE SAMPLES OF DIFFERENT 
SIZE FROM FIELD A, 1932 . 
Source of Degrees of I variation freedom Sum squares I\lean square Value of F 
T otal j 49 127.9367 I Between mean s of groups 4 5.7178 1.4295 i:90 \Vithin grou ps 45 122 .2189 2. 7160 
Differences among the means were tested for significance with 
results for field A, 1932, as shown in table 17. 
The value of F (1.90) obtained for the above data is not 
significant, according to Snedecor's (10) table XXXV, and more-
over, since the large variance occurs within the samples of the 
groups instead of between groups, it is concluded that any weights 
of samples used in this field would have given equally accurate 
water determinations of the green forage. 
The data for all fields were treated by the method indicated 
for field A, and with one exception there were no significant dif-
ferences among the . means of the samples of different sizes. In 
field A for 1930 the I-pound samples gave significantly lower 
water determinations than those of other weights. The occurrence 
of a significant difference in this one size suggests that this may 
be due to chance, especially as there was no hint of the recurrence 
of small moisture contents in the I-pound samples. 
SIZE OF RED CLOVER SAM PLES 
Samples of red clover were treated in the same manner as those 
of alfalfa . Six samples of each of seven weights were taken from 
fields A and B in 1930 and 10 samples of each of five weights 
from A in 1932. I n both years samples were obtained from the 
first crop, cut when near the half-bloom stage. The data are 
given in table 18. 
Variance analyses similar to those for alfalfa were used and 
showed no significant differences among the means of samples 
of differen t weights. 
The alfalfa and red clover data indicate that any size of com-
posite sample from I to 10 pounds may be used for determining 
the water content of green forage of these crops if the samples 
TABLE 18. MEAN PE RCENTAG E WATER CONT ENT S OF R ED CLOVER 
SHRI N KAG E SAMPLES OF DI F FE R ENT WEIGHTS. 1930 AND '32. 
1930 1932 
Size of samples, I Field A, I Field B, Size of samples . I Field A, pounds first crop first crop pOllnct~ first crop 
1.0 
I 
67 .93 
I 
65 .67 1.5 I 74.07 2.0 6 5.32 6 5.83 3.0 74.46 
3.0 6 5.54 66. 08 , 5.0 74 .34 
4.0 I 67.47 66. 09 8.0 74.4 4 
5.e 
\ 
67 3 1 67.63 10.0 74.49 
7.5 67 .03 I 68. 14 10.0 67 .9 1 66.3 4 
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are dehydrated in such a manner that dry matter is not lost. Loss 
of dry matter might occur if samples, particularly large ones, 
were dehydrated at low temperatures. Since 2- to 4-pound samples 
are conveniently obtained, bagged and dehydrated, it is believed 
that samples within those limits may well be favored since an 
indication of lack of accuracy with I-pound samples was apparent 
in one test. 
ACCURACY AS AFFECTED BY FIELD TECHNIQUE 
Since it is a common observation that freshly cut forage loses 
water rapidly on clear, warm days, a study was made to determine 
how long sampling and weighing can be delayed with good con-
ditions for drying before the accuracy of results are affected. 
The usual field technique followed in the past at the Iowa 
Station in obtaining yields of forage involved bunching and 
weighing of the green forage grown on each plat immediately 
after cutting, followed by the immediate taking and weighing of 
shrinkage samples. When weeds were present in sufficient numbers 
to be a factor, weed-free shrinkage samples were taken before 
the forage was bunched for weighing. With sufficient help the 
entire procedure required from 2Yz to 3 minutes per plat, unless 
delayed bunching and weighing were necessary to permit discard-
ing weeds. 
ACCURACY AS AFFECTED BY SWATH EXPOSURE 
This test was conducted to learn how long freshly cut forage 
can remain in the swath without significant loss of water. Six 
samples, each approximately 5 pounds in net weight, were taken 
immediately from alfalfa and red clover forage which had been 
bunched at once and at intervals of 4, 8 and 12 minutes after 
cutting. 
As indicated by the data shown in table 19 second-crop alfalfa 
lost 2.36 percent water in 12 minutes of swath curing. Third-
crop alfalfa, considerably drier when cut because of severe drouth, 
lost 1.35 percent water in 12 minutes. A mean difference of .80 
percent is significant, indicating a significant loss of water for 
second-crop alfalfa when bunching was delayed 4 minutes or more. 
TABLE 19. MEAN WATER PERCENTAGES OF FRESHLY CUT ALFALFA AND 
RED CLOVER FORAGE SAMPLED AFTER DELAYED BUNCHING, 1930 .. 
Time of swath curing Alfalfa Red clover 
before bunching Second crop I Third crop Second crop 
None 68.19 
I 
64.24 62.04 
4 minutes 66.8 1 64. 18 61.13 
8 minutes 66.32 63.07 62.25 
12 minutes 65.83 62.89 59.54 
Mean difference I for significance 0.80 0.80 0.80 
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For the third crop, with a lower water content when cut, the loss 
was significant when bunching was delayed as long as 8 minutes. 
Second-crop red clover was reduced 2.50 percent in 12 minutes 
of swath curing. While this reduction is greater than that for . 
alfalfa, there is no statistical significance among the means because 
of wider range and inconsistency among the individual samples. 
As measured, the water content after 8 minutes of swath curing 
was higher than it was immediately after the forage was cut, an 
obvious error (table 19). With the alfalfa results and 2.50 percent 
loss after 12 minutes as criteria it would seem that the loss after 
8 minutes of swath curing should be significant if correctly 
measured. 
The data, particularly those for alfalfa, indicate that in order 
to avoid possible error the freshly cut forage should be weighed 
and sampled as quickly as it is physically possible with adequate 
help, since it is obvious that the standing or freshly cut forage is 
more uniform in water content than it is after partial and non-
uniform drying in the swath. 
ACCURACY AS AFFECTED BY DELAYED 
SAMPLING OF BUNCHED FORAGE 
I t was desired to learn what intervals can elapse after the forage 
is bunched and weighed before shrinkage samples need be taken. 
Five plats, 5 x 50 feet, were cut and bunched as soon as possible. 
With sampling at once as a basis for comparison, bunches were 
sampled at 3, 6, 9 and 12 minute intervals with six samples, approx-
imately 5 pounds in size, taken from each bunch. The test was 
conducted with second-crop alfalfa in each of two fields, third-
crop alfalfa in another and second-crop red clover in a fourth. 
The data given in table 20 are inconsistent but show no sig-
nificant loss of water of bunched forage until after 6 minutes of 
drying. In 9 minutes the water content of second crop alfalfa 
dropped .01 percent in field A and 1.68 percent in field B with .80 
and .88 percent respectively required for significance in the two 
fields. The water content of bunched third-crop alfalfa dropped 
TABLE 20. MEAN WATER PERCENTAGES OF ALFALFA AND RED CLOVER 
FORAGE WHEN SAMPLING WAS DELAYED AFTER BUNCHING, 1930. 
Time of bunch curing I Alfalfa Red clover 
before sampling Second crop Third crop 
Field A I Field B Second crop 
None I 64.84 
I 
66.99 65.8~ 65.78 
3 minutes 66.44 67.04 66.73 65.94 
6 minutes 
I 
65.77 66 .93 65.59 66.14 
9 minutes 64.83 65.31 65.44 63.70 
12 minutes 03.67 65.90 65.94 63.64 
Mean difference I for significance 0.80 0.88 0.90 1.04 
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.39 percent in 9 minutes with .90 percent required for significance. 
The water content of bunched second-crop red clover dropped 2.08 
percent in 9 minutes with 1.04 percent required for significance. 
It would seem that if shrinkage samples are taken from the 
bunches within 6 minutes there should be little error from this 
source. 
ACCURACY AS AFFECTED BY DELAYED 
WEIGHING OF BAGGED FORAGE 
The purpose of this test was to determine what errors may be 
introduced by delaying the weighing of dehydration samples for 
different periods of time after the green forage has been placed in 
bags. Samples taken from bun.ches of the foregoing "delayed 
sampling" experiment were used. They were weighed at once 
and at each 3-minute interval up to 12, inclusive. Data are given 
in table 21 for samples taken from three fields of alfalfa and one 
of red clover, with the losses of net weight expressed in percentage 
of the original. I n making a statistical analysis the four fields 
were treated as a group rather than individually, since similar 
results were indicated. Losses of .7 1 percent are significant. 
Mean determinations for forage which had been cocked for 3 
minutes showed no significant loss of weight of samples weighed 
within 3 minutes after bagging except for second-crop alfalfa 
samples from field B. The means of these same samples all 
showed significant losses, however, after 6 minutes. Forage allowed 
to remain in bunches for 6, 9 and l2-minute intervals before 
samples were taken required longer to lose significant amounts 
because of lower water contents when sampled. 
I t is apparent that when the weighing of the bagged samples 
is delayed for more than 3 minutes a significant error in water 
determination is likely to result. The error is greatest with forage 
relatively high in water content. Since water is lost rapidly from 
the time the forage is cut, all operations should proceed as rapidly 
as possible. 
TABLE 21. PERCENTAGE LOSS OF WEIGHT WHEN WEIGIIING OF BAGGED 
SAMPLES WAS DELAYED 3 TO 12 MINUTES, 1930. 
Period 
in the 
cock 
before 
sampling 
3 min. 
6 min. 
9 min. 
12 min. 
Alfa!fa 
Second crop Third crop Red clover 
Field A I Field B 
Minutes weighing of samples was delayed after initial weighing 
3 I 6 I 9 I 12 I 3 I 6 I 9 I 12 I 3 I 6 I 9 I 1213 I 6 I 9 I 12 
.611.77\ 1.1011.391.871.971.9711.451.561.721.881.98 .611.7311.0511.25 
.38 .79
1
1.24 1.56 .16 .52 .52 .78 .16 .45 .55 .71 .61 .85 1.01 1.37 
.30 .63 .92 1.29 .06 .26 .39 .58 .23 .33 .53 .63 .21 .37 .61 .90 
26 .55 .80 1.19 .07 .26 .36 .48 .16 .29 .54 .64 .24 .44 .64 .69 
Losses of .7 1 percent arc significant 
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VARIATIONS IN WATER CONTENT AT DIFFERENT 
TIMES DURING THE DAY 
Many investigators have found that variations in the water 
content of green plants occur with changes in transpiration rates. 
An effort was made to determine whether such changes occur in 
lots of alfalfa and red clover. For this purpose second-crop forage 
of three lots of alfalfa - Kansas common, Grimm and Ontario 
Variegated - and three lots of red clover - Russian, French and 
Iowa - were used. Each lot was grown in triplicate plats. Nine 
4-pound samples, three from each plat, were taken for each lot at 
three different times during the day. 
The decreases in mean percentage of water of different lots of 
alfalfa and red clover from 8 a. m. to I :30 and 5 p. m. are 
shown in table 22. The larger decrease in water content from 8 
a. m. to afternoon for red clover is probably accounted for by 
weather conditions. Red clover samples were taken on a clear day 
with temperatures ranging between 92 and 102° F. and with a 
decrease in relative humidity after the 8 a. m. sampling. Alfalfa 
sampling was done on a cloudy day with temperatures ranging 
betw~en 84 and 90° F. with the relative humidity remaining fairly 
high until afternoon. 
While differences between lots are not statistically significant, 
the consistency among the figures for the two afternoon samplings, 
particularly for alfalfa, (table 22) suggests that the degree of 
change in water content of forage during the day may be associated 
with the lots. 
TABLE 22. DECREASES IN MEAN PERCENTAGE OF WATER FOR DIFFERENT 
LOTS OF ALFALFA AND RED CLOVER FROM 8 A.~1. TO 
I :30 AND 5 P.M., 1930. 
Alfalfa Red clover 
Lot I I :30 p.m. ; p.m. Source I I :30 p.m. 5 p.m. 
Kansas common 
I 
-2 .89 -2.62 Russian 
I 
-4.63 -4.87 
Grimm -1.84 -1.96 French -3.90 -2.99 
Ontario Vgtd. -2.23 -2.18 Iowa -2.42 -3.65 
Mean I -2.32 -2.25 Mean I -3.65 -3.84 
Mean difference I I for sienificance -1.84 -1.25 
ACCURACY OF DRY MATTER DETERMINATIONS AS 
AFFECTED BY LABORATORY TECHNIQUE 
Special drying houses, similar to the one constructed by Odland 
and Garber (8) and the oven used by McRostie and Hamilton (6) 
with which samples are dehydrated in a relatively short time, are 
forms of apparatus used to dispense with errors which may result 
through the loss of dry matter when samples are air-dried. 
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EFFECT OF CONTAINERS, SIZE OF SAMPLES AND DRIER 
TEMPERATURES ON DRY MATTER DETERMINATIONS 
A comparison was made of drying in three kinds of containers: 
60-mesh cotton bags, 15 x 30 inches in size, similar bags but 20 x 30 
inches in size and wooden trays 18 x 30 x 8 inches with bottoms of 
12-mesh wire screen. For each kind of container both 3- and 5-
pound samples were used. For each kind of container and size 
of sample four temperature ranges in the driers were compared: 
40 to 57 0 c., 50 to 69 0 C., 70 to 790 C. and 80 to 88° C. Thus 
there were in all 24 comparisons, and since the tests were conducted 
in quadruplicate, 96 samples were used. 
Second-crop alfalfa was used for one series of tests and third-
crop alfalfa from another field for a replicate series so that dry 
matter determinations were made on a total of 192 samples. 
. The samples were allowed to remain in the driers at temperatures 
indicated until they had reached constant weight. For the two 
lower ranges of temperatures the samples were left in the drier 
48 hours, while for the two higher ranges they were removed after 
36 hours. The samples were then stored in the laboratory for 
approximately 2 weeks before dry matter determinations were 
made on individual samples. 
From the data shown in table 23 for the 48 quadruplicate de-
terminations it is apparent that nearly similar results were obtained 
from all containers, size of samples and drier temperatures. 
While most of the differences are not significant, the forage dried 
in trays was usually slightly higher in dry matter than that for 
either the large or small bags, indicating that a slight amount of 
TABLE 23. MEAN PERCENTAGES OF DRY MATTER IN ALFALFA SHRINKAGE 
SAMPLES FOR WHICH DIFFERENT CONTAINERS, S IZE OF SAMPLES 
Temperature \ 
ranges, 
Degrees C. 
40-57 
58-69 
70-79 
80-88 
Mean 
40-57 
58-69 
70-79 
80-88 
Mean 
AND DRIER TEMPERATURES WERE USED, 1930. 
3-pound samples I 5-pound samples 
Large I Small I Trays Large I Small I Trays 
bags bags bags bags 
Second Crop 
34. 16 33.39 \ 34.09 
i 
33.86 33.58 34.50 
33.98 33.71 34.01 33.80 34.82 35 .05 
34.01 33.88 34.09 33.53 33.47 33.59 
33.69 33.86 34. 1 I 33 .35 33 .61 34.45 
33.96 33 .71 34.08 33.64 33.87 34.40 
T hml Crop 
I 
33.69 31.52 34.28 31.65 33.2 1 33.36 
33.56 31.48 35.69 33.29 34.56 34.07 
33.47 33.54 34.8S 33.83 33.43 32.87 
33.84 33 .28 34.12 34.56 32.91 33.55 
33.64 32.46 34.74 33 .33 33.53 33.46 
IMean, 3- and 5-pound samples 
I 33 .93 
I 
34.23 
33.76 
33.84 
I 33.94 
32.95 
33.77 
33.66 
33.71 
33.53 
The means for large bags, small bags and trays for both crops are 33 .64, 33.39, and 34.17 
percent, respectively. The means for the four temperature ranges from low to high , including 
both crops, are 33.44, 34.03, 33.71 and 33.78 percent, respectively. The means for all of the 
3- and all of the 5-pound samples of both crops are 33.77 and 33.71 percent, respectively. The 
mean difference for significance of the mean.s in the body of the table is 1.72 percent. 
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dry matter may have been lost from the bags despite the fact 
that the dried forage apparently was free from molds. 
Despite the small differences among the averages there are 
several contributory facts which lead to the belief that rapid 
drying as hastened by type of containers and temperatures is 
preferred. The only determinations showing notable losses of 
dry matter occurred with slower drying caused by a combination 
of bag containers and low temperatures. General average per-
centages of dry matter recovered rank the containers in the order 
of trays, large bags and small bags. With one exception the general 
average percentages rank in order from high to low temperatures. 
McRostie and Hamilton (7) state that more rapid drying gave 
higher dry matter determinations in their experiments. Oxford 
University workers (9) show that fermentation caused loss of 
albuminoids, fats, carbohydrates and nitrogen. I t was apparent 
that the chlorophyll of forage dried in trays in the Iowa experi-
ment was retained to a greater degree than that dried in bags. 
Since material dried in trays gave slightly higher dry matter 
determinations and contained more chlorophyll it is logical to 
believe that the loss of dry matter was associated with the loss of 
chlorophyll. The Oxford University workers state that volatile 
oils are lost as a result of sunlight bleaching. Furthermore, respira-
tion should continue longer with lower temperatures and with 
containers unfavorable to rapid drying. 
DRY MATTER DETERMINATIONS WITHOUT USE 
OF ARTIFICIAL HEAT 
As a part of the foregoing tests, further comparisons were made 
of containers to include drying without artificial heat. Duplicate 
samples in .%-inch mesh onion bags suspended vertically and 
horizontally and in trays were air-dried in the laboratory, in a 
closed and in an open shed. A total of 36 samples, IS each of 3 
and 5 pounds, of second-crop alfalfa taken at the same time and 
from the same field as for the tests reported immediately preceding 
were used. The samples were left to air-dry until weights became 
constant; 2 weeks later dry matter determinations were made. 
The weather conditions of the summer of 1930 were particularly 
favorable for air-drying since the drouth was accompanied by high 
temperatures and low humidity. This resulted in the samples 
becoming air-dry without molding. Development of molds would 
have been expected for at least some of the samples under average 
conditions. 
The data are given in table 24 and by comparing with the 
results for second-crop samples of table 23 it may be observed 
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TA BLE 24. MEA~ PERCENTAGES O F DR Y MATT ER IN AL FALFA SHRI NKAGE 
SAMPLES D R IE D IN ON ION BAGS AN D IN TRAYS 
Pl ace of storage 
Laboratory 
Closed ' hed 
Open shed 
Mean 
W ITH OUT ARTI F IC IAL HEAT , 1930. 
I 
3-poun d samples 
Bags hung 
I Hori zo n- I Trays 
Vertically t all y 
34.01 I 34.68 I 33.83 32.49 33.44 33.92 
34.84 I 34.73 34.03 
33 .78 I 34.28 I 33.93 
Bags hll ng I 
5-poun d samples 
Horizon- Trays 
Vertically I t ally I 
I 33. 19 I 33.88 I 34.18 34.09 34.23 33.77 36.52 35. 13 34. 17 
I 34.60 I 34.41 I 34.02 
Mean 
33 .96 
33.66 
34.90 
The ave rages for hags hung vert ica lly and ho rizontally and trays are 34. 19, 34. 35 and 33.98 
pe rcent respecti vely, wh ile those for J- and ; -pou nd samples a re 33.93 and 34.34 percent, 
respect ive ly. 
that the determinations are essentially similar. The samples hung 
in an open shed averaged 34.90 percent dry matter or about I 
percent higher than the mean of both tests, but the differences are 
not statistically significant. A direct comparison between drying 
at outdoor air temperatures and at temperatures varying between 
40 and 88°C. in heated chambers is possible for material dried 
in trays. Forage dried at air temperatures in trays averaged 33.98 
percent dry matter (table 24) while that dried in the heated 
chambers averaged practically the same, or 34.24 percent (table 
23 ). 
An objection to ,% -inch mesh onion bags is that dried material 
shakes out through the meshes unless the bags are handled with 
particular and time-consuming care. In fact the data of a replicate 
test conducted with third-crop alfalfa were discarded because of 
loss of material from some of the bags. Samples contained in cotton 
and ordinary burlap bags have molded repeatedly at the Iowa 
Station even when hung in the sun during the day and in an open 
shed at night. 
McRostie and Hamilton (7) report a loss of 8.78 to 12.06 
percent in dry matter of air-dried samples (expressed in percent 
of immediately dried material) for six varieties of alfalfa. Their 
results confirm the opinion that the conditions for air drying in the 
Iowa experiments were particularly favorable . Considering the 
possibilities for error through loss of dry matter from molds and 
fermentation it is probable that the investigator cannot be sure 
of accuracy when the forage samples are air dried without artificial 
heat. 
H FECT OF PARTIAL DRYI NG AT SOO C. FOLLOWED BY 
DRYI NG AT 25 ° C. ON DRY MATTER DETERMINATIONS 
Sixty samples. approxim fl tely 5 pounds in size, were taken from 
third-crop alfalfa and used to determine if dry matter is lost when 
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samples are partially dried at about 80° C. followed by slow 
drying at a room temperature of about 25 ° C. Six samples were 
removed from the 80" C. drying room after 9 hours of drying 
and six more at the end of each 3-hour interval thereafter until 
all had been removed by the end of 36 hours when 10 withdrawals 
had been made. Since it was known that samples did not dry 
uniformly in different parts of the drier, precautions were taken 
to obtain uniform distribution for the consecutive withdrawals. 
Weights were recorded for each group of samples as withdrawn 
so that the water content of the material at that time could be 
determined. Three of the six samples removed at a time were 
piled in the laboratory until weights became constant before oven 
drying, and the other three were oven dried immediately. 
The water content of the samples as withdrawn from the 80° C. 
drier varied from 54.0 I percent for those dried for 9 hours to 6.62 
for those dried 36 hours, as indicated in table 25. Samples having 
38.63 percent water and more when removed from the drier gave 
smaller dry matter determinations after becoming air dry in the 
laboratory at 25 ° C. than did samples which had less water when 
removed. On the other hand, samples having 27. 11 percent water 
and less when removed from the drier gave higher dry matter 
determinations after becoming air dry in the laboratory than did 
samples which had more water when removed. While the dif-
ference between the mean dry matter content of any three samples 
in the experiment and the mean dry matter content of all samples 
is not statistically significant, the uniformity of the results suggests 
that the consistency is not due to chance. 
Since no mold was found in the samples, the dry matter lost 
during the period of laboratory drying for samples containing a 
mean of 38.63 percent water and more might be accounted for by 
the longer period necessary for complete air drying and therefore 
the longer period during which losses of dry matter might have 
continued. 
TA BLE 25. PE RCENT AGES O F WAT ER AN D D RY MATT ER ACCOMPANYI NG 
PARTIAL DRYI NG OF SHRI N KAG E SAMPLES OF AL FALFA AT SO·C. , 
FOLLOWED BY LABORATO RY DRYI NG AT 25·C., 1930. 
Length of I Percen t wa ter after I_--,--:-__ ,....,-'M~ea::.:.n ...;:.p.;..;e rc.::.ce:..;:n.;c.t ..:;.d r"'-y..c.ffi:.:.:a,:.;tt"'erc:--_---,,----;--;--
dry in g period partiasl O~rCY.i ng at Af ter partial I After further I Difference after lab. 
dry ing at 80·C. drying at 25·C. drying at 25 · C. 
9 hours I 54.01 I 33.37 i 32.48 I -.79 12 .. 44.65 33.38 I 32.55 - .83 
15 40. 11 33.95 33.30 - .65 
18 3863 3462 3327 - 1 35 
2 1 .. 27. 11 
I 
33.73 34.49 + .76 
24 .. 26. 03 33.95 34.30 + .35 
27 .. 12.93 32.57 33.S7 + 1.30 
30 .. 9. 15 32.46 33 .64 + I.I S 
33 .. 8.86 I 33.33 34. 10 + .77 31\ " 6.1i2 32.27 33.75 · + 14S 
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The fact that samples having 27.11 percent water and less when 
removed from the drier gave smaller dry matter determinations 
as soon as removed from the drier than similar samples did after 
becoming air dry in the laboratory is contrary to expectations and 
difficult to explain. Either the percentages of dry matter as de-
termined are the result of errors coincidentally in the same direc-
tion or the continued high temperatures for immediate oven drying 
may have resulted in breaking down fractions of the dry matter 
and subsequent loss in weight. This phase needs further investiga-
tion. 
DRY MATTER DETERMINATIONS AS AFFECTED 
BY DELAYED DRYING 
Three tests, one with second-crop alfalfa, another with third-
crop alfalfa and a third with second-crop red clover, were made 
to determine how long green forage can remain in cloth shrinkage 
bags' before being placed in driers without loss of dry matter. 
Thirty samples approximately 5 pounds in size were used for 
each of the three tests. Fifteen of the samples were placed in small 
bags 15 x 30 inches in size and the other 15 in large bags 20 x 30 
inches. Triplicate samples were used for each determination. 
Three each of large- and small-bag samples were placed in the 
drier immedjately after cutting and at intervals of 6, 12, 24 and 
36 hours thereafter except that the 6-hour interval for red clover 
was omitted. Samples not placed in the drier at once were left 
lying on the concrete floor of the laboratory but not in contact with 
each other. 
The weight of each sample was obtained before it was placed 
in the drier in order to determine the loss of weight between the 
time of cutting and the time the sample was placed in the drier. 
TABLE 26. MEAN PERCENTAGE DRY MATTER DETERMINATIONS OF BAGGED 
SAMPLES OF ALFALFA AND RED CLOVER AFTER DELAYED 
DRYING AT 80·C., 1930. 
(Temperatures in Centigrade) 
Dry matter 
I 
I Forage temp . I Percent loss in Drying delayed I weight between (hours) Large I Small Room temp. t ;'lrgc J Small harvesting and bags bags hags hags drying 
Alfa lfa (second crop) 
0 33.58 
I 
33.52 
I 
32 
I 
29 
I 
28 
I 
6 34.87 JJ. 17 34 38 39 10.7 
12 33.23 32.96 33 37 37 12.9 
24 . 32.68 3 1.88 33 34 35 22. 1 
36 33.24 32 .06 30 32 32 27.9 
Alfalfa (third crop) 
0 31.75 
I 
32.37 
I 
27 
I 
25 
I 
24 
I 
6 31.84 31.41 26 23 23 12.3 
12 33.09 3 1.04 16 21 22 10.9 
24 32.90 30.47 23 23 23 15. I 
36 32.06 31.28 19 25 I 25 20.6 
Red clover (second crop) 
0 B.9 1 34.82 
I 
B 
I 
32 
I 
34 
I 
12 32.60 33.45 28 B 34 
24 32.80 33.79 29 33 32 18.6 
36 31.86 33.00 25 31 32 23.4 
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The temperatures of the laboratory room and bagged samples 
were taken at the time of placing each six-sample group in the 
drier. The temperature of each sample was obtained by inserting 
a thermometer through the mesh of the bag into the bagged 
material. 
Table 26 shows that the dry-matter determinations for samples 
of alfalfa in large bags for both second and third crops are not 
appreciably less after successive intervals of lying on the floor of 
the laboratory before being placed in the drier. There may be 
detected in the small-bag samples a slight trend in loss of dry 
matter with increasing delay of drying, but statistical significance 
was lacking. Forage was packed into the small bags rather firmly . 
Lack of consistency among the data is attributed to non-uniformity 
of water content in the forage when cut. 
It will be noted that for the most part temperatures of the bagged 
forage averaged appreciably higher than the temperatures of the 
laboratory in which the samples were stored. From the results 
of the three tests, collectively, a conservative conclusion is that 
samples should be placed in the drier not later than at the end 
of each half day of harvesting and that bags should be large 
enough so that forage need not be packed into them, particularly 
when facilities for rapid drying are not available. 
LOSS OF DRY MATTER FROM STORED SAMPLES 
AFTER DRYING TO 2.5 PERCENT WATER 
Two tests were conducted in 1932 to learn if alfalfa shrinkage 
samples dried at once at 800 C. can be stored in the laboratory 
for I or 2 months without loss of dry matter. 
Thirty samples of immature second-crop alfalfa were dried to 
a mean water content of 2.55 percent and then divided at random 
into three groups of \0 samples each. Dry matter determinations 
were made for the samples of treatment A at once. The samples 
of treatment B were stored in the laboratory for I month and 
those of treatment C for 2 months after which they were redried 
at 80 0 C. for 24 hours before dry-matter determinations were 
made. The test was exactly replicated with 30 samples from a 
different part of the same field, dried to a mean water content 
of 2.38 percent. The data for both tests are given in table 27a. 
The standard deviations indicate uniformity in the dry-matter 
determinations. 
The data were analyzed for variance as indicated by the upper 
figures of table 27b. Owing to the slight variation among the 
individual determinations, the small differences among the means 
are highly significant, indicating that a loss of dry matter may be 
expected with increasing delay in oven drying. 
No reason for the greater loss of dry matter in test II can be 
given. The tests were conducted at the same time, and with forage 
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from the same field, believed to be practically the same in dry 
matter content at the time of harvest. Also, the samples of the 
two tests were dried to practically the same water content before 
storage and supposedly stored under similar conditions. 
Since alI groups of stored samples indicated some loss of dry 
matter, and, as a combination of the two tests, the probability is 
high that dry matter actually was lost. I t can be concluded, there-
fore, that samples dried even as thoroughly as these were, to 
about 2.5 percent water, should be weighed as soon as removed 
from the drier and dry-matter determinations made immediately 
thereafter. 
OVEN VERSUS DRIER DETERMINATIONS 
The routine followed in these studies was to dry the unchopped 
forage samples contained in bags at approximately 800 C. to 
about I to 3 percent water, then to chop into small pieces and to 
dry a fraction in the oven to water-free at 1000 C. The whole 
procedure of procuring the samples, preliminary drying and final 
drying until water-free is expensive. The last of these, however, 
makes the greater part of the expense. Therefore, a test was con-
ducted to determine if oven drying can be omitted without seriously 
affecting the results. Vinall and McKee (I I) concluded that 
results obtained from air-dried samples are practically as accurate 
as those obtained after oven drying. 
The same 60 samples used in the tests immediately preceding 
were used for this test. Individual oven determinations were made 
for each of the 10 samples of each of the six groups. The average 
TABLE 27A. DRY MATTER DETERMINATIONS WITH STANDARD DEVIATIONS 
OF ALFALFA SAMPLES STORED FOR NONE, I AND 2 MONTHS 
AFTER DRYING TO ABOUT 2.5 PERCENT WATER. 
Dry-matter 
Test I Test II 
Treatment determinations Percent dry Standard Percent dry Standard made matter matter 
content deviation content deviation 
A. At once 26.88 0.70 26.31 0.43 
B. After I month 26.86 0.47 25.91 0.38 
C. After 2 months 26.79 0.24 25.19 0.54 
TABLE 278. ANALYSIS OF VARIANCE. 
Source of variation Degrees of 
Sum of Mean Values 
freedom squares square of F 
59 35.1066 .5950 ... .. Total 35.8759 .6081 ..... 
54 12.3694 • 2291 ..... Within groups 13.1884 .2442 ..... 
Between means of tests I 16.1927 16.1927 70.68 16.1513 16.1513 66.14 
Between means of 2 3.8107 1.9054 8 .31 treatments of same test 3.8144 1.9072 7.81 
Remainder, interaction 2 2.7338 1.3669 5.96 Tests x treatments 2.7218 1.3609 5.57 
Individual oven determinations were used for the upper ligures and composite oven 
determinations for the lower ones. 
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of individual oven determinations of each 10-sample group was 
used as a composite determination. 
Table 28 shows the error that would have occurred for each of 
the 60 samples had composite rather than individual oven de-
terminations been used. The trend of the errors in each group 
is a consequence of the method of computation. 
For treatment A, test I, the average error for composite oven 
determinations is . 11 percent dry matter, and the greatest error 
that would have occurred for anyone sample is 0.22. Somewhat 
similar relationships exist for each of the other five groups. 
Table 27b shows the results of analysis of variance for both 
individual and composite oven determinations, those for the latter 
being below. The. differences in mean squares and values of F 
are small and of no significance. Correlation between drier and 
oven dry-matter determinations of the 60 samples gave a highly 
significant, positive co-efficient of 0.98. 
I t is apparent from all tests applied that just as reliable results 
would have been obtained in this test had composite instead of 
individual oven determinations been used. 
I t may be observed that the water content of samples as removed 
from the drier for the six IO-sample groups varies considerably 
and that this affects the extent of the error that possibly could 
occur. 
If all samples contain the least possible amount of water when 
removed from the drier, then the range in water content between 
the lowest and highest sample will be least, and consequently the 
errors as measured by individual oven determinations will be 
least. Shuffling the samples in the drier at intervals to insure more 
uniform dehydration should have considerable to do with the 
accuracy obtained. 
The water content of the samples when removed from the drier 
averaged 1.20 percent less for treatments Band C than for treat-
ment A. The samples of treatments Band C were first dried and 
then stored for I and 2 months respectively before redrying and 
oven dried, while the samples of treatment A were oven dried as 
soon as removed from the drier. It was shown in the discussion 
of the previous topic that there was a definite loss of dry matter 
in the samples stored I and 2 months. But it is not likely that 
any appreciable loss of dry matter would occur in a day or two 
of laboratory storage, whereupon the samples could be redried. 
There is no apparent advantage of the laboratory storage, how-
ever, and it is believed that all that is necessary is to remove the 
samples from the drier, shuffle and return them for immediate 
redrying. 
Removing, shuffling and redrying has an advantage in that a 
drier with temperatures below 100° C. in all parts causes non-
TABLE 28. SHOWING THE ERROR IN PERCENTAGE OF DRY MATTER FOR EACH SAMPLE OF SIX 10-SAMPLE GROUPS OF COMPOSITE 
OVEN RATHER THAN INDIVIDUAL OVEN DETERMINATIONS WERE USED. (EACH UNCHOPPED SAMPLE WAS FIRST PARTIALLY DE-
HYDRATED IN THE DRIER AT ABOUT 80°C., AND THEN A CHOPPED FRACTION OF EACH WAS OVE\! DRIED AT 100°C.) 
Percent 
1120 when 
removed 
from drier 
1.71 
2.02 
2.ZO 
2.30 
2.42 
2.72 
2.93 
2.97 
3.01 
3.25 
Aye.2.55 
1.82 
2. 10 
2. 11 
2. 14 
2.39 
2.40 
2.40 
2.56 
2.86 
2.98 
AYe. 2.38 
Treatment A 
Percent dry matter 
Indiy. 
oven 
sample 
26.88 
27.26 
27.01 
27.26 
26.00 
27.32 
26.93 
25.31 
27.60 
27.20 
26.88 
-----
26.36 
25.62 
26.68 
26.58 
25 .93 
26.53 
25 .96 
26.04 
26.38 
27.07 
26.32 
Compos. 
oven 
sample 
26.66 
27.11 -
26.92 
27.19 
25.96 
27.36 
27.03 
25.41 
27.73 
27.40 
26 .88 
26.21 
25.55 
26.60 
26.51 
25 .94 
26.53 
25 .99 
26.08 
26.51 
27.23 
26.32 
Error-I higher for 
compos. 
oven 
sample 
-0.22 
-0.15 
-0.09 
-0.07 
-0.04 
+0.04 
+0.10 
+0.10 
+0.13 
+0.20 
0. 11 
-0.15 
-0.07 
-0.08 
-0.07 
+0.01 
0.00 
+0.03 
+0.04 
+0.13 
+0.16 
0.07 
Percent I H.O when 
removed 
from drier 
0.63 
0.66 
0.67 
0.76 
0_80 
0.94 
0.99 
1.07 
1.08 
1.29 
0.89 
0.51 
0.66 
0.97 
1.03 
1.09 
1.30 
1.46 
1.52 
I. 73 
2.30 
1.26 
Treatment B 
TEST I 
Percent dry matter 
IndiY. 
oven 
sample 
26.87 
26.77 
26.59 
27.23 
26.47 
27.67 
26.01 
26.77 
27.30 
26.95 
26.86 
Compos. 
oven 
sample 
26.80 
26.71 
26.53 
27.20 
26.44 
27.68 
26.04 
26.82 
27.35 
27.06 
26.86 
TEST II 
25 .86 25 .67 
25.70 25 .54 
26.39 26.31 
25 .8 1 25 .75 
26. 14 26. 10 
25.47 25.48 
26.2 1 26.25 
25 .78 25.85 
25.29 25.42 
26.41 26.69 
25.90 25 .90 
I 
, 
I 
I 
Error-
higher for 
compos. 
oven 
sample 
-0.07 
-0.06 
-0.06 
-0.03 
-0.03 
+0.01 
+0.03 
+0.05 
+0.05 
+0. 11 
0.05 
-0. 19 
-0.16 
-0.08 
-0.06 
-0.04 
+0.01 
+0.04 
+0.07 
+0.13 
+0.28 
0. 11 
Percent 
H20 when 
removed 
from drier 
1.03 
1.29 
1.43 
1.47 
1.50 
1.63 
1.75 
1.82 
1.89 
1.95 
1.58 
0.93 
1.08 
1.18 
1.23 
1.26 
1.26 
1.27 
1.62 
1.68 
1.78 
1.33 
Treatment C 
Percent dry matter 
Indiy . 
oven 
sa mple 
26.92 
26.92 
27.07 
26.76 
26.63 
26.70 
26.62 
27.2 1 
26.49 
26.55 
26.79 
24.55 
25.40 
24.37 
25 .98 
25.34 
25.49 
25 .27 
25.32 
25 .68 
24.49 
25.19 
\....ompos . 
oven 
sam ple 
26.79 
26.84 
27.03 
26.73 
26.61 
26.71 
26.66 
27.27 
26.56 
26 .67 
26_79 
24.45 
25.34 
24.33 
25.95 
25.32 
25.48 
25 .25 
25.40 
25 .77 
24.60 
25 . 19 
Error-
higher for 
compos. 
oven 
sampl e 
-0.13 
-0.08 
-0.04 
-0.03 
-0.02 
+0.01 
+0.04 
+0.06 
+0.07 
+0. 12 
0.06 
-0.10 
-0.06 
-0.04 
-0.03 
-0.02 
-0.01 
-0.02 
+0.08 
+0.09 
+0. 11 
0.06 
w 
...... 
C/J 
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uniform dehydration. In this test weights of the samples when 
removed from the drier the first time apparently had not yet 
become constant. 
Dry-matter determinations as obtained with individual oven 
samples following partial drying in bags are more subject to 
technical errors than if the process is completed in one direct 
operation, since mistakes may occur with the extra technique and 
calculations. Furthermore, the system of chopping green samples 
preliminary to direct oven drying as employed by some experi-
menters is subject to considerable error because of variable weather 
conditions and varying intervals from the time the forage is cut 
until the green sample is finally ready for weighing. Bagging and 
weighing the freshly cut forage at once and drying as uniformly as 
possible in the bags, followed by composite oven determinations if 
necessary, comprises the simplest and most direct method of making 
dry-matter determinations. 
WATER ABSORPTION OF FORAGE AFTER REMOVAL 
FROM DRIER AND OVEN 
Knowing that dry forage begins to absorb water immediately 
when exposed, tests were conducted to determine what error may 
result when weighing is delayed different periods of time after 
drying. Tests were made also to learn if dried forage of alfalfa 
and red clover lots respond differently in water absorption. 
Two shrinkage samples from each of three replicate plats, a 
total of six samples, were taken for each of five lots of second-
crop alfalfa and for each of two lots of third-crop alfalfa. Four 
lots of second-crop red clover were sampled similarly. The forage 
was dried immediately at 80° C. to about 2.5 percent water, and 
after removal from the drier the samples were weighed at once, 
again after 0 hour, I hour, 3 hours, 12 hours and 360 hours (15 
days). The same samples were then oven dried to water-free, 
weighed at once and again after 10 minutes, 30 minutes, 1 hour, 
TABLE 29. MEAN PERCENTAGE GAIN IN WEIGHT OF ALFALFA AND RED 
CLOVER FORAGE AFTER REMOVAL FROM THE DRIER AND OVEN, 1930. 
I Drier, after I Oven, after 
Lot I y, hr. I I hr. I 3 hr. 1 12 hr. 115 da.IIOmin.1 y, hr. I 1 hr. 1 3 hr. 1 12 hr. 
Alfalfa - second crop 
Oklahoma 
.
52
1 .
86
1 
1.20 1 1.71 13.921 .31 1 
.
62
1 .
78
1 
1.271 
2.42 
Utah .36 .6  .03 38 3.51 26 .43 .67 .13 2.21 
S. Africa 58 .95 1.25 1.79 4.28 .25 50 73 1.14 2.64 
Spanish .47 .71 .94 1.50 3.52 .36 .69 .90 1.31 2.70 
Chile .40 .67 .91 1.53 3.80 .33 .51 .81 1.22 2.26 
Alfalfa - third crop 
Grimm 
.46 I .8 1 I 1.17 I 1.72 I 3.40 I .32 I . 58 I .76 I 1.37 I 2.10 Utah .63 .92 1.29 1.87 3.90 .31 .58 .83 1.39 2.60 
Red clover - second crop 
Iowa .60 
1.21 1 1.691 3.38 1 
.36 2.66 
Oregon .7 1 1.21 83 37 .29 2.20 
French .43 1.02 1.59 4.02 .21 2.18 
Chile .44 1.00 1.70 2.82 .27 2.10 
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3 hours and 12 hours. Containers were subjected to similar treat-
ment. The maximum gain in weight of bags was .003 of a pound 
and of trays .001 of a pound, both insignificant. 
Temperature and humidity records were recorded in the labora-
tory when samples were removed from the drier and oven and 
when weights were obtained. Variations were small, however, 
day temperatures continuing at about 89° F. and relative humidity 
at about 24 percent. 
The data in table 29 show the percentage gains in weight of 
samples as calculated from weights taken immediately after re-
moval from the drier and oven and again at the end of intervals 
indicated. 
The regularity of the increases in weights of all samples and 
for all periods indicates that significant gains resulted in alI cases. 
Differences among varieties and lots, however, are relatively small 
and not statistically significant. Drier and oven samples gained 
about the same in 0, I and 3 hours, but in 12 hours oven samples 
gained uniformly and appreciably more than drier samples, prob-
ably owing to the lower water content of the oven samples. 
The data indicate that samples should be weighed as soon as 
removed from both the drier and oven, unless the procedure of 
allowing the weights of drier samples to become constant in the 
laboratory before weighing is preferred. 
( I ) 
( 2 ) 
(3) 
( 4 ) 
( 5 ) 
( 6 ) 
( 7 ) 
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